ABSTRACT Ant-exclusion to facilitate biocontrol by endemic natural enemies was investigated for suppressing infestations of two coccids, calico scale, Eulecanium cerasorum (Cockerell), and magnolia scale, Neolecanium cornuparvum (Thro), in landscape settings. Application of sticky bands combined with basal trunk sprays resulted in 92Ð100% reduction in counts of honeydew-seeking ants, mainly Formica subsericea Say, ascending large, scale-infested sugar maple (Acer saccharum Marshall) trees. Ant-exclusion was associated with increased numbers of green lacewing, mainly Chrysoperla rufilabris (Burmeister), larvae and spiders on multiple sample dates, and 54 and 69% fewer surviving scale nymphs after the Þrst and second growing seasons. Foliar sooty mold accumulation was also significantly reduced where ants were excluded. In feeding trials, C. rufilabris larvae collected from the tree canopies consumed large numbers of settled scale nymphs. On another site, ant-exclusion led to 82% reduction in magnolia scale densities on Magnolia stellata (Siebold & Zuccarini) Maximowicz, compared with controls, after 1 yr. Nine and 10 ant species were found tending calico and magnolia scales, respectively, at landscape sites in central Kentucky, and in situ observation trials showed that many of them aggressively attack approaching lacewing larvae. Our results suggest that where ants are closely associated with soft scales on woody landscape plants, ant-exclusion has potential as a sustainable pest management strategy.
Mutualism between ants and honeydew-producing homopterans has long been recognized (Way 1963) . Ants use honeydew as a source of sugar and nutrients and in turn may transport aphids, soft scales, or other honeydew producers to new feeding sites, shelter them within their nests, and provide sanitation by removing honeydew and dead individuals (Bartlett 1961 , Buckley 1987 , Flatt and Weisser 2000 . The most widely recognized service that ants provide honeydew producers, however, is protection from predators and parasitoids (Buckley 1987) . In many cases, natural enemies are aggressively attacked; in others the mere movement of a nearby ant is enough to deter the intruder (Bartlett 1961 , Bristow 1984 , Hanks and Sadof 1990 , Hü bner and Vö lkl 1996 .
Soft scales (Hemiptera: Coccidae) are important pests of woody landscape plants (Johnson and Lyon 1988) . Their feeding removes plant nutrients and causes cell necrosis, leading to twig dieback, stress, and foliar chlorosis (Vranjic 1997) . They also produce copious honeydew that drips on parked vehicles, decks, and other objects, attracts wasps and other nuisance insects, and promotes growth of unsightly sooty molds that can blacken leaves, branches, and trunks and greatly reduce the plantÕs photosynthetic ability (Rabbinge et al. 1981, Hubbard and Potter 2006) . Current treatment methods, which include conventional or systemic insecticides as well as horticultural oils, are not consistently effective and have potential drawbacks including cost, hazard from spray drift, and impact on beneÞcial insects leading to pest resurgence or secondary pest outbreaks (Raupp et al. 2001, Hubbard and Potter 2006) .
Studies in a wide range of natural habitats including brush land (Barzman and Daane 2001) , tropical coastal (Bach 1991) , temperate coastal (Yao et al. 2000) , and tropical rainforest (Abbott and Green 2007) indicate that ant-exclusion can facilitate biological control of soft scales by endemic natural enemies. For example, use of baits to reduce ant activity in a rainforest facing widespread invasions of the yellow crazy ant, Anoplolepis gracilipes (Smith), and seven soft scale species resulted in dramatic decline in scale densities within 12 mo (Abbott and Green 2007) . Antexclusion has also been applied or suggested for managing soft scales in agricultural settings such as pineapple (González-Hernández et al. 1999) , citrus groves (Bartlett 1961; Itioka and Inoue 1996; James et al. 1997 James et al. , 1998 Piñ ol et al. 2009 ), tea (Das 1959 ) coffee plantations (Bess 1958 , Young 1982 , Hanks and Sadof 1990 , Reimer et al. 1993 , and grape vineyards (Cooper et al. 2008) . Applying a sticky barrier at the base of coffee trees, for example, led to elimination of scale populations after 140 d, while control populations remained high (Reimer et al. 1993) .
Although declines in homopteran populations following ant-exclusion are usually attributed to elimination of ant-created enemy free space, ant attendants are not always reliable sources of protection (Nixon 1951) . Such defense depends on the aggressive or nonaggressive tendencies of the ant species and the degree to which natural enemies draw attention to themselves by their movement. Ants may also be less aggressive when honeydew resources are abundant. Ants also provide sanitation services, and in some cases their elimination has been followed by decline in scale populations because of suffocation by accumulated honeydew and profuse sooty mold growth, which covers the scales (Bess 1958 , Das 1959 . This scenario is supported by numerous cases in which honeydewproducing insects are overcome by fungi in the absence of ant attendants (Nixon 1951 , Buckley 1987 . Honeydew and sooty mold accumulation may also impair settling by scale crawlers (Bess 1958) .
Ant-exclusion has not previously been evaluated for suppressing soft scales on shade trees or ornamental shrubs. This study evaluated its effectiveness for reducing densities of two soft scale species, calico scale, Eulecanium cerasorum (Cockerell), on established, heavily infested maple trees on a horse farm, and magnolia scale, Neolecanium cornuparvum (Thro), on recently planted magnolias in a landscape setting. We also quantiÞed ant-exclusion effects on density of natural enemies within calico scale-infested trees and on sooty mold accumulation. Ant species associated with each scale species were surveyed at multiple infestation sites. Finally, proclivity to consume scale nymphs and interactions with ants tending calico or magnolia scales were observed for selected predator species.
Materials and Methods
Biology of Calico and Magnolia Scales. Calico scale, a univoltine invasive pest, reaches high densities on many species of deciduous shade and landscape trees in both urban and rural (e.g., horse farm) settings in Kentucky (Hubbard and Potter 2005) . Females mature in spring, each laying several thousand eggs during May. First instars (crawlers) emerge from lateMay to mid-June, settling mainly on leaf undersides. Second instars migrate back to overwintering sites on twigs and branches shortly before leaf drop in autumn (Hubbard and Potter 2005) .
Magnolia scale, the largest (8 Ð10 mm) scale insect in North America, is native to the eastern United States and is the most important insect pest of Magnolia spp. in urban landscapes (Herrick 1931 , Callaway 1994 . Univoltine females mature from midsummer through mid-fall. In Kentucky, adults give birth to live young beginning in September and crawlers quickly migrate to feeding sites on twigs and branches where they settle and feed. Their Þrst and second molts occur in May and June, respectively (Herrick 1931) .
Ant Associates of Calico and Magnolia Scales. Common ant associates of calico and magnolia scales were surveyed on infested trees at six and eight infestation sites, respectively, in central Kentucky. The sites were located on horse farms, private residences, landscaped medians, and the University of Kentucky campus and research farm and contained varying numbers of host plants (Table 1) . Each infestation was inspected for at least 45 min and representative specimens of all ant species found within 10 cm of a scale were collected with a paintbrush and funnel into 70% ethanol. Ants were initially identiÞed using keys in Coovert (2005) ; reference specimens were also sent to André Francoeur (University of Quebec) for validation. Voucher specimens are deposited in the University of Kentucky Insect Collection. Verification of Ant-Exclusion. Effectiveness of the band/trunk spray regime in excluding ants was evaluated either by counting numbers of workers crossing a line 1.5 m above ground (i.e., 0.5 m above the band) on the trunk of each tree, or by beat sheet sampling on six dates (Table 2 ) during the 2008 Ð2009 growing seasons. The beat sheet sampling for ants coincided with beat sampling of predator densities within the tree canopies (see below). Natural Enemy Densities. Potential scale predators were collected using a beat sheet (72 ϫ 72 cm) on 6 August 2008, and on 19 May, 19 June, 14 July, 14 August, and 15 September 2009. On each sampling date, an investigator standing on the ground struck eight branches in the lower canopy of each tree eight times each with a PVC pipe (1.5 m length, 2 cm diameter). A second person standing on a step ladder caught dislodged predators on the sheet. Specimens were collected from the sheet with an aspirator and stored in 70% ethanol until identiÞcation.
Scale Nymph Densities and Parasitism Rates. Scale populations were estimated by counting live nymphs on the underside of 50 leaves from each tree on 1 October 2008 and again on 29 September 2009, shortly before nymphs began to migrate to overwintering sites on twigs and branches. A 5-m long pole pruner was used to collect ten 35Ð50 cm twigs with leaves from all sides of the lower and middle outer canopies of each tree to Ϸ4.5 m height. The twigs were stored in a cooler (13ЊC) until evaluation was completed. Five representative fully expanded leaves having minimal physical damage were selected from each twig. To minimize variability caused by leaf size, a template with a 3.0-cm diameter cutout was used to count only those scales within a 7 cm 2 circular area on the abaxial surface near the base of each leaf. In 2009, the percentage of nymphs within that area showing signs of parasitism (i.e., exit hole or parasitoid developing inside) was also determined. In addition, 400 nymphs (200 each from banded or control trees) were removed with a razor blade and examined under a binocular microscope with backlight for the presence of parasitoid larvae or pupae. Parasitism of settled nymphs was evaluated in autumn because Hubbard and Potter (2005) reported increased parasitism rates from mid-August to early October.
Possible effects of ant-exclusion on parasitism of adult scales was assessed by sampling 60 females from each tree on 2 June 2009. A random point was selected at the base of each of three branches, and the Þrst 20 scales above that point were collected regardless of their condition. The scales were examined for parasitoid emergence holes and dissected to count parasitoid larvae, pupae, or adults that had died or had not yet emerged.
Sooty Mold Accumulation. Leaves collected from all trees on 29 September 2009 for scale nymph counts were also visually rated for sooty mold accumulation on adaxial leaf surfaces as follows: (0) no sooty mold, (1) moderate accumulation along veins and light accumulation on leaf surface, (2) heavy accumulation along veins and moderate accumulation on Ͻ50% of leaf surface, (3) heavy accumulation along veins and moderate accumulation on Ͼ50% of leaf surface, (4) heavy accumulation on Ͻ50% of leaf surface, (5) heavy accumulation on Ͼ50% of leaf surface (Vanek 2009 ). Accumulation was considered heavy when it formed a continuous black or nearly black layer with portions beginning to ßake off, and percentages of surface coverage were estimated by dividing the leaves into four roughly equal sections. All ratings were assigned blindly as far as whether the leaves came from banded or control trees.
Evaluating Potential Predators of Calico Scale Nymphs. Several predator species collected from the study trees with a beat sheet and aspirator were tested .3 Ϯ 1.0 in control and predator trials, respectively; t ϭ 0.08, df ϭ 14, P ϭ 0.9) were added to each container, a single beetle was added to eight of them, and the arenas were held at 23ЊC under artiÞcial light (10:14 h L:D). All live scales remaining after 3 d were counted under a dissecting microscope. Nonsettled crawlers were retrieved with tape; leaves and twigs were also examined. The experiment was repeated using the same setup except that the two leaves per container each started with Ϸ80 settled nymphs. There were seven replicates with or without a beetle; remaining scales were counted after 48 h. Field-collected second and third instar Chrysoperla rufilabris (Burmeister) (Neuroptera: Chrysopidae) larvae of similar size were tested as described above (six replications, 80 settled nymphs per arena, with or without a single larva). The assay was repeated with some modiÞcations to minimize leaf desiccation: leaf petioles were trimmed to 4 cm and placed in a small water-Þlled, ParaÞlm-sealed vial taped to the inside of the container (six replicates, one leaf with 40 settled scale nymphs, with or without a single larva, per container, 2 d exposure). That setup, with controls, was also used to test 16 spiders including two adult Araniella displicata Hentz (Araneidae), two immature Pityohyphantes sp. (Linyphiidae), one immature Theridion sp. (Theridiidae), four immature Misumenops sp. (Thomisidae), and seven Xysticus spp. (Thomisidae), and four adult Chilocorus stigma (Say) (Coccinellidae) collected from the same trees at Gainsborough Farm in September.
Ant-Exclusion for Suppressing Magnolia Scale. Eight pairs of container-grown Royal Star magnolias, Magnolia stellata (Siebold and Zuccarini) Maximowicz (75Ð 85 cm height) were planted in a mulched bed surrounded by a grass lawn on the University of Kentucky campus, Lexington, on 22 April 2008. The lowest branches on all shrubs were removed to facilitate the use of ant-excluding bands similar to those previously described. Bifenthrin, as described earlier, was also sprayed below the bands until runoff every 3Ð 4 wk during the growing season. Shrubs within pairs were 2 m apart. Observations of Ant-Predator Interactions. Trials using larvae of two green lacewings, Chrysoperla rufilabris (Burmeister) and Chrysoperla carnea (Stephens) (Neuroptera: Chrysopidae), and adult multicolored Asian ladybeetles, Harmonia axyridis (Pallas) (Coleoptera: Coccinellidae), tested selected scaletending ant speciesÕ response to intruders. Although the scale stages and species used are not necessarily those predatorsÕ preferred prey, all three predators are generalist feeders and so were used to observe the antsÕ protective behaviors. Lacewing larvae were obtained from commercial insectaries and fed aphids, Acyrthosiphon pisum (Harris), until use. Naturally occurring interactions between ants and H. axyridis were observed in the Þeld (see below).
Interactions between C. carnea and calico scaletending F. subsericea were observed on sugar maple (Acer saccharum Marshall ÔLegacyÕ) trees in early July when nymphs were settled on leaves. For each trial, one second or third instar lacewing was placed on the petiole of a leaf occupied by an ant; then the insectsÕ behaviors were observed for 2 min or until the lacewing was killed or removed by the ant; 24 trials were completed. Interactions between H. axyridis and the ant Myrmica sp. were observed in late May on calico scale-infested sugar maples at Claiborne Horse Farm, Paris, KY. Both species were found consuming honeydew excreted by adult scales. Ten beetles which were within 5 cm of an ant and touching or nearly touching a scale were selected for observations. Each beetleÕs interactions with the nearby ants were observed for 5 min and the incidence of ants successfully driving beetles away was recorded.
Interactions between C. rufilabris larvae and four ant species associated with magnolia scale: Camponotus americanus Mayr, Camponotus pennsylvanicus (DeGeer), Prenolepis imparis (Say), and Tetramorium caespitum (L.), were made on magnolias on the University of Kentucky campus, Lexington, in May when scale nymphs were Ϸ2 mm long. For each observation, one second or third instar lacewing was placed 3Ð 4 cm from a group of settled magnolia scale nymphs. Lacewing and ant behaviors were observed for 2 min or until the lacewing was overcome by one or more ants or had wandered Ͼ15 cm from the scales. Twenty trials were conducted in the presence of each of the four ant species and in the absence of ants. All trials for C. americanus were conducted at a single location because no other locations were available. For the other ant species, trials were split equally between two locations sometimes on the same or an adjacent tree.
Statistical Analyses. Data from ant-exclusion studies were analyzed using one-tailed paired t-tests (H 1 : banded Ͼ control for natural enemy counts; banded Ͻ control for ants, scales, and honeydew accumulation). Laboratory predation trials were analyzed with t-tests comparing numbers of surviving scales in the presence or absence of a given predator. All data are presented as means Ϯ SEM. Statistical analyses were done with Statistix 9.0 (Analytical Software 2008).
Results

Ant Associates of Calico and Magnolia Scales.
Nine and 10 ant species were found tending calico and magnolia scales, respectively, at our survey sites in central Kentucky (Table 1) . Nine of the 14 ant species were found with only one of the two scale species, whereas Þve ant species were found with both scales. As many as Þve different ant species were associated with scale populations at particular sites. The most frequently encountered ants were Formica incerta Buren and Tetramorium caespitum (L.); each was found at four different sites, and in association with both scale species.
Ant-Exclusion for Suppressing Calico Scale: Verification of Ant-Exclusion. The combination of sticky bands and basal trunk sprays effectively excluded ants on all Þve sampling dates ( Table 2) . Numbers of ants counted crawling on tree trunks above the sticky band barrier or dislodged by beating foliage were reduced by at least 92%, and in most cases 98 Ð100%, compared with control trees.
Natural Enemy Densities. Beat-sheet samples indicated that excluding ants led to higher densities of several predator groups in canopies of calico scaleinfested maple trees (Fig. 1) . C. rufilabris larvae were signiÞcantly more abundant in banded versus control trees from July through September ( (Fig. 2) . In 2008, densities of settled scale nymphs were 53.6% lower on banded versus control trees (560 Ϯ 172, 1206 Ϯ 167 surviving scale nymphs, respectively; t ϭ 6.3, df ϭ 5, P Ͻ 0.001). In 2009, this difference was even more pronounced, amounting to 68.5% reduction in settled scale nymphs on banded trees (445 Ϯ 124 vs. 1414 Ϯ 193, respectively; t ϭ 6.0, df ϭ 5, P Ͻ 0.001).
Parasitism apparently was not a signiÞcant mortality factor for calico scale at the study site. Of Ͼ11,000 live scale nymphs counted in autumn 2009, none showed obvious signs of parasitism, and none of the 400 additional nymphs examined under a microscope in late September contained a parasitoid larva, pupa, or exit hole. Although we did not quantify parasitism in 2008 when the effect of the Þrst summer of ant-exclusion on nymphal densities was assessed, it appeared to be Sooty Mold Accumulation. Ant-exclusion substantially reduced sooty mold growth on adaxial leaf surfaces of the calico scale-infested maple trees. Mean visual ratings of sooty mold coverage were signiÞ-cantly lower on banded versus control trees (0.9 Ϯ 0.4, 2.1 Ϯ 0.3, respectively; t ϭ 2.3, df ϭ 5, P ϭ 0.03).
Predation of Calico Scale Nymphs. Of those predators evaluated in laboratory trials, only H. axyridis and C. rufilabris preyed upon calico scale nymphs (Table 3) . H. axyridis consumed nymphs in the mobile "crawler" stage but did not reduce the number of settled nymphs. C. rufilabris larvae consumed numerous scale nymphs in both trials. Data shown for the Þrst trial (Table 3) include some replicates in which lacewings pupated during the trial. If pupated individuals are excluded, individual lacewing larvae consumed, on average, 88.1% of available nymphs (7.8 Ϯ 4.8 vs. 65.3 Ϯ 5.4 remaining scales with or without a lacewing, respectively; t ϭ 7.4, df ϭ 8, P Ͻ 0.001). None of the spiders or C. stigma consumed the settled scale nymphs.
Ant-Exclusion for Suppressing Magnolia Scale. Nonbanded magnolia shrubs upon which we had released magnolia scale crawlers in autumn 2008 had recruited numerous ants by late May 2009. Specimens of all ant species were collected and identiÞed as Crematogaster cerasi (Fitch), Monomorium viridum Brown, Lasius neoniger Emery, Paratrechina faisonensis Forel, and Tapinoma sessile (Say). In the absence of ants, 82% fewer scales successfully reached the adult stage (10.3 Ϯ 3.5, 56.3 Ϯ 22.4 scales on banded vs. control shrubs, respectively; t ϭ 2.05, df ϭ 7, P ϭ 0.04). Numbers of predators were not compared on these plants because relatively few were observed. Larvae of Ocytamus costatus (Say) (Diptera: Syrphidae), found feeding on magnolia scale at nearby (Ͻ100 m distant) infestation sites (Vanek and Potter 2010) , were not observed at this site. Adult coccinellids were observed on the shrubs in mid-May; those seen approaching settled scale nymphs were deterred by ant attendants. The beetles were not collected, but based on their size and pattern of markings they were probably Hyperaspis signata (Olivier), a known predator of magnolia scale (Williams and Kosztarab 1972) .
Field Observations of Ant-Predator Interactions. In 17 of the 24 trials on maple trees in which a lacewing (C. carnea) larva was placed on a leaf with a calico scale-tending F. subsericea ant, one or both insects moved to an adjacent leaf so there was no encounter. When ants and lacewings did interact, only once was the lacewing able to prevent the ant from biting. In that case, the ant was deterred by the lacewingÕs defensive anal secretions. Such secretions allowed lacewings to escape their capture in two other trials in which encounters occurred. Following their escape, lacewings immediately ßed the area, and the ants wandered in a seemingly erratic behavior. In the remaining four trials, ants attacked the lacewings and dropped or dragged them from the trees. In nine of 10 trials with H. axyridis, the intruder was approached by one or two Myrmica sp. individuals. Attempts to deter the beetles were unsuccessful, however, because of the protective shape and toughness of the elytra and the beetlesÕ ability to tuck their appendages under their bodies.
Observations of interactions between C. rufilabris larvae and magnolia scale-tending ants are summarized in Table 4 . In the absence of ants, 15 of 20 larvae approached settled scale nymphs. Although several larvae paused at the scales, feeding was not observed. a For H. axyridis, one pair of leaves in the predator/settled treatment that had few scales because of leaf desiccation was omitted from the analysis. For spiders, 16 individuals (see text) were compared with six control treatments.
b Variability was caused by one lacewing that pupated and consumed relatively few scales. The second trial listed for C. rufilabris was conducted with modiÞcations to reduce leaf desiccation (see text). 
Trials in which lacewing larvae did not approach the scales and were not approached by ants were excluded from the table.
In all trials involving ants, only two lacewing larvae successfully approached the scales. More than half of the remaining lacewings were attacked by one or more ants, many of which escaped by bending the abdomen and contacting the ants with an anal defensive secretion. Those that escaped immediately ßed the area. In trials involving C. americanus and C. pennsylvanicus, lacewings were attacked by a single ant, and those that could not escape were dragged into a hole of the tree inhabited by the ants. P. imparis was less aggressive toward the lacewings but was still able to prevent the intruders from approaching the scales. Attacks by P. imparis were performed by one or two ants and consisted of biting or butting with their heads. T. caespitum were highly aggressive; as many as seven workers collectively attacked the intruders. Lacewings were able to escape the antsÕ hold in only two trials, both of which involved only a single ant. Remaining trials in which no lacewing-ant and lacewing-scale interactions were observed are not included in Table 4 .
Discussion
Ant-exclusion has shown promise for managing honeydew-producing pests in various agricultural settings (e.g., Bartlett 1961 , Young 1982 , James et al. 1998 , Cooper et al. 2008 ), but it had not previously been evaluated for suppressing soft scales on woody landscape plants. Our results suggest that the tactic may be effective for reducing soft scale infestations on shade trees or ornamental shrubs.
Ant-exclusion alone led to Ϸ54 and 68% reductions in calico scale densities on sugar maple trees in 2008 and 2009, respectively. This appears to have been caused mainly by increased scale nymph predation by C. rufilabris larvae in the absence of F. subsericea. In laboratory trials, late-instar C. ruflilabris consumed large numbers of settled scale nymphs. Beat sheet sampling showed those predators to be signiÞcantly more abundant in banded versus control trees on four of Þve sample dates. In observations in which F. subsericea encountered a lacewing larva, in most cases the lacewing was attacked and dragged or dropped from the leaf. Had the trials lasted longer, it is likely that more interactions would have occurred and that additional lacewing larvae would have been injured, removed, or killed. These observations indicate that F. subsericea is capable of reducing numbers of lacewing larvae in scale-infested trees. Although several studies have documented ant predation on lacewing eggs (Driestadt et al. 1986 , Morris et al. 1998 ), relatively few have focused on antsÕ negative impact on lacewing foraging (Daane 2001) .
H. axyridis, too, consumed E. cerasorum in laboratory trials but only during the scalesÕ active crawler stage. Crawler dispersal only lasts Ϸ19 d (Hubbard and Potter 2005) , so predation by H. axyridis likely has less impact on the scale population compared with C. rufilabris larvae, which presumably consume scales at least from June through September. Furthermore, when harassed by the ant Myrmica sp., H. axyridis pulled its legs beneath the protection of its well-armored body and waited for the ants to retreat. Likely it is similarly able to defend itself against F. subsericea. This is supported by our beat sheet samples which showed that H. axyridis densities in sugar maples were not signiÞcantly affected by ant-exclusion (Fig. 1) . Although it is possible that harassment by ants might brießy disrupt the beetlesÕ feeding on crawlers, it seems unlikely that H. axyridis was primarily responsible for the reduced scale densities on our ant-excluded trees.
Spiders were the most abundant group of predators collected from beat sheet samples at Gainsborough Farm. Although as a group they were more numerous on ant-excluded maple trees on three of the six sampling dates, none of the spiders evaluated in laboratory predation trials consumed scale nymphs. Therefore, it is unlikely that they were responsible for the lower scale densities in banded versus control trees. This cannot be said conclusively for each spider species because our trials were not adequately replicated for every species. Parasitism of adult calico scales in early June 2009 was not affected by ant-exclusion, and parasitism of settled nymphs was extremely low in both years. Therefore, increased parasitism cannot explain the lower scale densities on ant-excluded trees.
Ant-exclusion led to about an 82% reduction in the numbers of adult magnolia scales at our other study site after just one growing season, most likely because of increased predation in the absence of ants. This presumption is supported by our observations of coccinellids (probably H. signata) pursuing scale nymphs but being deterred by nearby ants. Ant attendants have also been found to reduce predation by the related Hyperaspis congressis Watson against a widespread soft scale pest (Bradley 1973) . H. signata is capable of suppressing large infestations of magnolia scale (Williams and Kosztarab 1972) . Further evidence comes from our observations of interactions between C. rufliabris and four ant species associated with magnolia scale. In the absence of ants, 15 of 20 larvae approached settled scale nymphs. In all 80 trials involving ants, only two lacewing larvae successfully approached the scales. More than half of the remaining lacewings were attacked by one or more ants. These results demonstrate the tendency of ants attending magnolia scale to attack approaching potential predators.
The clear practical advantage of ant-exclusion is its potential for reducing or eliminating soft scale pests by promoting parasitism and predation. Exclusion of honeydew-feeding ants, however, can sometimes lead to rapid accumulation of honeydew and subsequent sooty mold growth (Nixon 1951 , Bess 1958 , Das 1959 , Buckley 1987 , with increased leaf death and abscission (Bach 1991) . We found, however, that excluding ants from calico-infested maple trees led to signiÞ-cantly less accumulation of sooty mold. This indicates that honeydew accumulation was greater in the presence of ants despite their ability to consume the liquid. Presumably, ants indirectly contribute to sooty mold accumulation by promoting populous scale infestations as well as their honeydew byproduct.
Ant-exclusion has potential as a safe, convenient, and inexpensive management option for landscape managers and homeowners to protect plants from soft scales and subsequent sooty mold growth. This strategy could be used in conjunction with augmentation and conservation biological control efforts. For example, lacewing larvae are sold commercially and can be released onto infested plants, and lures that mimic herbivore-induced plant volatiles can be used to attract lacewing adults (James 2003) . Where scales or other honeydew excreting homopterans are protected by ants, ant-exclusion may be a necessary Þrst step in biological control (Daane 2001) . For example, an effort to suppress the tuliptree aphid, Illinoia liriodendra (Monell), on street trees through inundative releases of C. carnea eggs was thwarted when Argentine ants, Linepithema humile (Mahr), removed 98% of the lacewing eggs (Driestadt et al. 1986 ).
Although our observations suggest that Tanglefootcoated bands alone can effectively exclude ants (Vanek 2009 ), such bands are messy and unsightly. Moreover, they may provide a less-than-complete barrier on trees with rough bark or irregularly shaped trunks. Sticky bands also become less effective as an increasing number of insects get trapped and form a bridge for crossing ants. Therefore, bands have to be replaced regularly, which could become labor-intensive where numerous trees are involved. Tree bands with a controlled-release formulation of chlorpyrifos excluded ants from citrus trees for four growing seasons without reapplication (James et al. 1998) , so similar bands but with a reduced-risk insecticide might be effective in landscape settings. Another approach might be the use of sugar-based liquid ant baits such as has been used to control Argentine ants and suppress associated homopteran pests in California grape vineyards (Cooper et al. 2008) .
Our limited surveys of landscapes in central Kentucky found nine and ten species of ants associated with calico and magnolia scales, respectively. All of those species whose food resources have been documented engage to varying degrees in arboreal foraging on honeydew (Coovert 2005 , California Academy of Sciences 2010) although this evidently is the Þrst report of their tending E. cerasorum or N. cornuparvum. Of the two most frequently encountered species, F. incerta has been reported tending membracids and aphids, whereas T. caespitum, a common species associated with human-disturbed, mostly urban areas, scavenges on dead arthropods and seeds as well as honeydew and other sugary foods. F. subsericea, the predominant ant on calico scale-infested maples at our main study site, also tends aphids, membracids, and tuliptree scale, Toumeyella liriodendra (Gmelin) (Coovert 2005) . Ants vary in their aggressive behavior (Buckley and Gullan 1991) so the effectiveness of ant-exclusion for suppressing coccids may depend on the ant species present, as well as natural enemy abundance at particular sites. Based on our results, this approach has promise for sustainable management of soft scale pests on landscape trees and shrubs, especially for sites where conventional insecticides cannot be used.
